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[^SSI gSHI?!! CHIN.Kwang Geun 

571021-1573819 
[^eeimi 790-300 

[^^1 KR 

[^SSI gSH:?!! KANG.Hee Jae 
[^&JS^eiSl 600626-1405314 
[¥9 as] 790-300 

[^^1 KR 

KR 

[#^^#1 mm 

[SS ei SI 1 0-2004-0020204 

[ftSaiXH 2004.03.25 

I^^ll ^Sia Xil42^°l ^?§Oil ?|2^ ^^01 gsitrucK □ 

:^ (21) 

0 0 38.000 ^ 

51 0 OS! 

[^<y3^ssi 1 a 20,000 a 
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[^AhS^S] OH- OS! 

imm 58,000 a 
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^ C : 0.0016-0.01%, Si : 0.1% <^1§>, Mn : 0.2-1.5%, P 

: 0.05-0.15%, S : 0.01% ^l^V, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% <^1§>, 
Nb : 0.003-0.1%, Ti : 0-0.003%, Mo : 0.01-0.4%, B : 0.0005-0.005%, Fe ^ 

7m ^7}^^ Ir^l-S c:>l^c:H^l3i; ^^<a-<a^l AIN ^#1-^1 ^7fl 

§1-Ji; ^^j^ 3.7171- ASTM ^Jl 9'='H1-'^1 ; ^B]J1 T3lAil*^ AIN 

4i^^l ^^^^ ^^-ll^l-^ ^l-W^^S^i o^^c. ^T- ^ 37]^ ^o. 

^^1^5. J17j-£ ^«-;§5l-^ ^^'y-<a^d-#, ^71] S. srl-^ -g-§-£^7j-^ 

^ #^<^1 ^*>iS, 41-^^ si-^ ^^<y-<S7j-* ^ -g-§-:£^7j-^^ 

^5)-^^, ^^m^d ^ 1^ 2^> 7l-^#l^^^ 711^^1^ ^ 

S. 3 

I-si|?l<Hl 

JL7J-S, 41-^^Sl-, ^l-^^l-, qi^lM, 2^} 7}^^^^ 
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^^<y-«a^J-^, ^-g-S^^J-^ ^ n ;^lS«c}-^{Cold Rolled 
Steel Sheet and Hot Dipped Steel Sheet with Superior Strength and Bake 
Hardenabi 1 ity and Method for Manufacturing the Steel Sheets} 

<3> £ 3^ ^Y^sl-^j ^ ^1JL^1^<^1 ^]^]^ Mo^ M-^i^^ ^2flS 

<4> S. 4fe #^7j-(8)S] Tl]>HlS^A>^ 

<5> :£ 5fe ^^^^^-(8), tiliiI7j-(6) ^ ^el]^J-<^l i:flt!r 2^} (DBTT)<^1 t^]^]^ 7]-^ 

tiKdrawing ratio)^ M-Hftfl^ 3.HflH 

<6> £ 6^ ^^^oH8)s] A]^^,^ ^^>^-a# uns. 

<7> £ 7^ Ir^^j-oflAi -A.^y|sj.Aj ^ AiJL^l^o]] Pj^l^ Nb/C til si <^^^ M-Bl-ifl^ 

55-5 



<io> ^^7j-^o.^^ ^-1^41 P ^71- Al ^:^(Al-killed)^J-* ^^-^i^* 

A>-g-5]^^o^, o] y^^$] qi: 4o-50MPa 

<ii> ^^1 ^J-^^ ^^^^] :i^^^5]-7j-^ ^^<=^lfe 

<12> ^Mtb ^tb ^-1^># 7fl^Al7'l7l P^7} 

Al ^:^(Al-killed)7j-^ <a^4i^^>^ ^i-^^S)-^ ^<a^J-^* ^1^^]-^ 7l^o] ^^j 
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^, ^^7i-<i, di^6\] ^j^^j^i '^^^^ ^^]^<^] 9X^. 

<15> ^e<^l^ ^fl7j-7l#^ #^<^1 ^'a^ ^J-^'^^l Jl-g-€4l%=2] X-fl 

<i6> c>loll A1-^:B7J-oii Ti Nb#^ ^^^^ M^l-* ^^j-^]- 

<i7> ^^-l^yfl^i (^) 61-26757^^1^ C: 0.0005-0.015^^%, S+N ^i-^< 

005%«5l3l, Ti ^ Nb^^l 7]-^ 41^^51-^ ^1^1 

<i8> at!:, #^^7fl^^ 57-89437^ <^1^ C: 0.010%<^1§>^ Ti ^7pJ-^ 

Al-^SH ^^^Sf^^^l 40MPa<^l4l-<y ^-^^3]-^ ^"S^j-^o] ;^flAl5]<:^ 
<19> ^1-71*!: wj-i^^^ Ti ^ Nb^ ^7]-^ ^^^1^ ^^§1 7-11 

<20> ^SlM-, ^^y]^ ^^^tt 41-^^51-^^ ^-M-^ ^^ll^ife 711 

Ti, N, ^ 7^H7> €A§>711 SlS-S. ^71-71- 41-^§>711 51 

^711^ o] 

55-7 



<2i> ^1^^^ 5, 556,485^ ^ ^15,656, 102^^1 C: 0.0005-0.1^^%, 

Mn: 0-2.5^^%, Al : 0-0.5^^%, N: 0-0.04^^%, Ti : 0-0.5^^%, ^ V: 0.005- 

<22> ^1-71 VC^I- ^S]-*^ ^^^^M^ §>xli?l: ^fl-g-sll ^£71- Pll^ ^ci]- 

^^^^S. ^^^^^ ^^Hl^ €■ ^^1 ^§>7l ^^d\] ^>7l nl^^^lcllAi^ 

Ti# ^ 0.02%oHV ^7m-c^ ^^^^^^ :£S§1-J1 ^t:]-. 

<23> O^S^-^i, Tij^^^oj ^-^o^ji- rf^oj Ti^7]-oll oj^ X-11S€7]- ^1"^ 

<24> "E-y^^M. 5| 5-93502^^11^ Sn^ ^7>^^S^i BH^^^ W^l^l^ 

71^0] ^-flT-lsjol o^ji^ ^7fl^i 3J 9-249936^^1 Nb^ ^^i-^7l-f-^S. 

^] ^^^^^1^ ^Sl-^1?^ <a^j* 711^^1 71 7l#ol x-llAlslol o;ix:l-. 

<25> ^7ll^:a- 3g8-49038S^l^ Zr^ ^7l-s:>c5^ ^^^^^^ 711^^171^ 

71 ^oi p^iiAisioi ^3L, ^7ll^:a- 5| 7-2786543: <^lfe Cr^ ^y}^}<^ 

SSI- ^ 7l-^^Sl-^l^(N^l)^ ^Sl-# ^^Sl- 7«1^ 0.^^:1 A^^>^j^ ^H^-^l^l^ 7l^ 

01 ^lAl5]ol ol^_ 

<26> nem, ^1-71^ ^Ol ^7}^}^ 7]^^^ ^^«1 dl^^Sl-A^ 

711^1^1 71 Ji;<> ^^SA-1, ±_:^^s[^^, qiAlJL^^ ^ i^2^1-7>^#lAj# 
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71171- ^711 ^Cf. 

<28> Cl^'^'l, 2^} 7>^#1^^ 711^* ^Sll ^£§>7ll ^7>§l-7ll B^] ^fl 

<29> 2^} 7}^^^^^ ^^^My] ^«fl^i^ DBTT(Ductile Brittle 

Transition Temperature) 7l- -20''C<^H>^1 ^Ic^o]: ^j-yl xTfl^o^l 3l-7j-oil a-] 

<30> ^}^^} ^*>^ A^^^ ^^^^^ ^>M-7l- ^^^^'^l 

<31> i^^^j^ W^l^l^l ^§><^ 7J-^^ ^7l£^Br>7m- -g-§-£^^ ^S3r>Jl 

<32> ^i7l51^ ^J-^-^-ll til^><^ SL^^^jo] <y=^§>Jl, tll^^^o] 

<33> ttl-21-^i, -g-§-£^ 1^^^^^ M.^ %Hl-^l^l7l ^§><^ -g-§-£^^^^<^l 

T^tt ^1-^1 -g-§-£^-g- ^o^-^c^l '^^7} Tll^pSlJl %lO_x^, H A>-g-^^ 
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<34> ^ T^l^^ Nb^ ^7>§>JL, Al, Mo ^ B# ^^lo]] ^7l-§l-3l, 

Nb/C til ^ ^^^^ 3.7l# ;=5fl<H^-^S-^1 41^^51-^^, tfl^lJL^^ ^ tfl 2^1- 

<35> o]3r>, ^ ^T^ofl rfls:l-C^ ^^W. 

<36> ^ 7J- #el-ti.# <t^<a-<a, ^ <a^4i^§><=^ ^1^5]^ 

<37> C: 0.0016-0.01%, Si: 0.1% <^1^>, Mn: 0.2-1.5%, P: 0.05-0.15%, 

S: 0.01% <^1*>, 7>-g- (Soluble) Al : 0.08-0.5%, N: 0.0025% ^1§>, Nb: 0.003-0.1%, 
Ti: 0-0.003%, Mo: 0.01-0.4%, B: 0.0005-0.005%, Nb/C : 0.3-0.7, Fe ^ 

71 l:7V5x]tb 1:^1:^ ol^c^;,^^,. 

<38> l^^y-^a^l ^^^^ ^l^il*!: AIN #7fl^l-ji; 

<39> ^^^^ a.7l7l- ASTM ^S- 9<^]^^^]Ji; 11^31 

<40> ^1-71 AIN ^#1-^ ^1-71 di^A] ^^^1-* ^^fl*>^ ^V^^^Ai 

<4i> att, ^ ^d- #el--ti€- 'i^^U-^, ^^l^J-^, %^SL^ ^ 
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<42> C: 0.0016-0.01%, Si: 0.1% o]^]-, Mn: 0.2-1.5%, P: 0.05-0.15%, 

S: 0.01% o]^}^ 7l-^(Soluble) Al : 0.08-0.5%, N: 0.0025% <^1§K Nb: 0.003-0.1%, 
Ti: 0-0.003%, Mo: 0.01-0.4%, B: 0.0005-0.005%, Nb/C : 0.3-0.7, Fe ^ 

<43> ^^^^ AIN ^#1-<:'1 ^^fl^>Ji; 

<44> ^^j^ 3.7171- ASTM 9oH>'^lJi; nslJL 

<45> 41-71 T^jAfltt AIN ^1-71 ^^Al :t^^^ ^^1*>^ ^V^^^A-l 

^^^^ ^ ^ 91^ a.7i# 5i:ir ^^1^^ *>fe -g-8-£^7j-^<=>fl ^A^M 
<46> ^ ^^%^, C: 0.0016-0.01%, Si: 0.1% <=>1^>, Mn: 0.2- 

1.5%, P: 0.05-0.15%, S: 0.01% '^]^}, 7>-g-(Soluble) Al : 0.08-0.5%, N: 0.0025% 
^1§>, Nb: 0.003-0.1%, Ti : 0-0.003%, Mo: 0.01-0.4%, B: 0.0005-0.005%, Nb/C 
til: 0.3-0.7, Fe ^ 7lBl- l:7>3il^ Ir^^S. '^l^ol^l^ ^j- #5l-ti.# 1200°C 

<47> H^, ^ ^^%S., C: 0.0016-0.01%, Si: 0.1% «^1§>, Mn: 0.2- 

1.5%, P: 0.05-0.15%, S: 0.01% '^]^■, 7l-g-(Soluble) Al : 0.08-0.5%, N: 0.0025% 
^1*>, Nb: 0.003-0.1%, Ti : 0-0.003%, Mo: 0.01-0.4%, B: 0.0005-0.005%, Nb/C 
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tij: 0.3-0.7, Fe ^ 7]^ ^7}^^ ^^"^S. ^^l^^^^l^ ^J- ^BfW-S- 1200°C 

<48> o]^}^ ^ ^^o\] T:fl§><^ 

<50> ^T-^^lJL^^l-^ 7^^6\] Jl-g.^ ^o^^ ^^q- ^4l7l- 

# ^^^^^^ n^-m S2fl§>7ll S]B-S. ^yi^ JL^^^ ^ ^^]<^7} 

<5i> y^^$] ^^fe ^^cHl tilsfl ^>a:^£7l- ira>s7i xifl^ofl 

<52> ^-sf^i, ^n"?!: ^-S,^-7] ^^-<^ y^^^] jl^^^ ^i^M 

Til ^-H-^l7l7-m- 7j-^o]l ^Sl-^^^j^dh^ Ti m Al# 7j-^<^l ^-B- 

€ 7]-^*!: *t TiN ^ AIN ^sl-^^Hfl^ ^#^1^ Ji-g-^4i^# ^i^^^l^l^ 
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^^<^]^ ^Y^si-^^^ ^7m^]^j:, iflAijTA^^ <ssi-^m-. 

<56> y^^$] jL^^di^ >^1<^^>^ «oi-i^^s^ y3-^o\] ^7}S\^ 

71-^*!: ^ TiC, TilCsSs ^ NbC^^ ^Sj-^ ^Bfl^ ^^Aj^]^ 1]-^^ 

<57> ^ ^^^<=^l^i^ ^j-^-^^l ^^*!: Ji-g-^4i# ^7]\X\^]7] ^§>o^ Nb/C till- 
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<61> olc]] til-^l-c^, ^^^^Tlltfloll #ycfl^>^ JL-g-^^i^^ tiling o>;^^^ ^^joll ^ 

^fl^>7l «fl^cHl X-1^o| AlJrcHjA-]^ ZL <^%1^^ pI^Ix] ^5r>3L, JL^ 

<62> ci]^ ^o], ^^^^^^ Jl-g-i^^iife ¥^H1 

<64> i^el-^i, ^n^tt xfl^lM^ 41-^^ si-^^^ ^^Hl ^:a.§l-7l yj-^o^ 

<66> ^, ^ Jl-g-Ht^^ ^l^^>7l ^§>0^ ^^^^ ^ Nb^ ^ 

3^1-51^ ^^^^^ t:1x-ii§>711 7.]]o]^ ^ojcf. 

55-14 



(BH)^ ^lS.^l^(Al: Aging Index)^ ^^]% ^^f^fl ^^ji^, 
<69> S. 1-^1 M-Bl-itf ^o], ^^^^ 3.71 tti^(ASTM No)7l- #7]-^^^^, ^ ^ 

^^^^1 ^l^il«fl^n^^ BH^ tflw] AI^l^l ;^-l5r>7l- ^^-ls:>ti^, ^sfl BH-AI^l7l- ^ 

5)- A] 7-1 51X1- «]: ^^Ic^li::!-. 

^i^Sl-^l^l7l ^tt ^^^^ a.711- ASTM No. Q'^Hl-^^ ^^H^rl-^ ^ol Hl-^^ 

<72> ^ ^^^^ ^>M-fe ^^^^ ^l^^lSl-# ^^<?^^Al ^#£1^ T^l^ll 

t!: A1N^##<^1 ^^^i ^^^§1-^ ^'^'li^. 
<73> ^, ^ ^^<>ll^i^ Al^ 7j-^oil ^o] ^7}X\^ <i^<a-<a^l ^l^im AIN 

#ol ^A^5l51^ §H ol AIN ^#1:^1 ^^7^^ ^^X\ ^^d^^j^^ ^^-llAl^o. 

S.^] ^^d^* ^Mil 51-^1 7l 711 ^cf. 
<74> o^el-A-l, ^ ^^oilA-l^ ^^<y-9l^l -p^-im A1N^#1-<^1 ^^d£l£^ Al^^^ 
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<76> ^1^^>^1^ ^-^^ S1-7J-<^1 SX^^"] Al^ l-^+x-flS-^i ^/a^ ST:fl*!r A1N^#^ 

<77> ^, 4^^^si-7j-oil iic>^A-i Am^^ ^^§1 ;^1'^§H Al2j- ^ 

# ^^^^ Til oil ^'='1 #^fl§Ml ^^S^l -f^*!: ^fl^lJL^j ^ ^ 

<78> 31^^}$] c11:<=>1 67fl€^l^>^ i^^lM^ A^§>31 

<80> ^, Nb^^l ^y}S\5i, Ti^ ^7>£]xl Ti7l- 30ppm<^l§l- ^7l-5]fe 7j- 

<H1 Sol.Al^ ^^J-^ 0.02-0.06%^ ^7]-^ ^^^1^ Stfl^ AIN ^# 

#o] ^A^£]ol cf^^l j7-g-^:^# j7;^^Al7'lfe ^*J§l-7fl Sj^lT?}, Sol.Al^ 

0.08%^141- 1]7l-S>7ll 5]!^, AIN^ ^##^1 ^11^ ^l^^l §1-711 ^o] 7ll^X^Al 

«j-«ll§>^ ^>^(barrier)^^^ §>7ll ^2ll«j-i^<^l tt|-5l- 
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Sol.Al* ^71-^:1-^ ^sfls] }ih^7}y3r^v]- :§,^i^o] ^v]. m]x\]^^]x^, o]^ oisfl ai 

<8i> Ti ^7}y^o]] SX^^^I ^di^ ISOOr^l^i-^ J1^<^1>| TiN^S tfl-^^ S 

tfl §1-711 ^#^^^^1 Jl-g-S.^ lE^ ^^j^ ^l^flSl-oll <^%># T^l^l^l ^^Ir^-. 
<82> Sol.Al*!-^^ i^Sl-^1 -g-§-£^;^ll^ ^Y^Sl-^(BH) ^ ^1 M^(AI)^5l-<^l ^ 

<83> £ 2<^1 M-HfTd: wl-^ ^^1, Al^^^ #7H1 BHiJr^l ^7l-s:l-31 ^JL, A] 

jL^l^CAD^r 7-1^ ^Sl-Sl^l "fe^ ^ 9X^. 

<84> 4i-^^5l-^^ ^iS"=Hl>| Sol.Al^l-^^ 0.08%^H1-^S. ^-11«!:sr>ir ^<^1 4^ 

<85> ^^7]^ A1^7H1 7ll^jL2l-S ^ ^3}-^ ^^1^1 ^ §>iS , 

^-^^5l-^(BH)^ §1-71 ^(l)ollAi^ ^ol Ti, Nb, m Al^ ^^<^1 ^ 

<86> [^711^ 1] 

<87> BH value(^^^5l-^) = 50 -(885XTi) -(1589XNb) + (62XA1) 

<88> cl^^l, ^ ^^<^lAi^ ^^^^^ T^l ^-1121-^17171 ^<S^#1^£# 

§1 
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<89> ^, <I<a^#l^:E7> ^d- S^^, ^, Sol.Al ^ 

^^A] ^^^^a.7l7l- ASTM No. 9^1 ^>7l- S]^ ^^^^ Si:flS)-7l- ^^^^j-Tfl Sl^H 

JL ^Ai^ ^ r^l7l- :?i-^§>^ ^^^^^^ ^5fl^ ^B^7l- ^cl-. 

<90> ^ ^^^^ a i::!-^ Mo^ ^7l-§l-o^ 1^2^1-71-^^^^^ 

<9i> ^i^v^^S ^>¥^M><=>ll^i ^J^ll^lfe ^^^^ ^^^e^ Hsfl^i 

(press)7>^oil o^sfl ^^.^ ^ «3§>c^^x:^. 

<92> 2^1- 7l-^#lA^^ A^^A] l^V Hell^i 7>^^oll SjSflxl^ 7l-^oll7cl 3.^ 

(crack) <^1 ^^5§l-fe ^^1*1:^^. 

<93> 7j-^<^l ^7iis>ir 91(P)'^] ^^^^TiHi ^^il§M ^^^^^ 

^^ qi:g^x\7]7] n^d\] ^;^i# ^3i7i- <U'^^A] 

<94> 2^1- 7>^#1^^^ ^I7ls:>7l ^^A-^^ 7l^^^S 'a(P)^^# ^ 7>§1-^1 

7^o] -^Aj- y^^o^ ^y].6\] B]^ <a^^^ 7-1 §>7l- 7l-^ 3]-^ Jl-g-€^ 

71- ^(P)'^H, til^(cost)«^l 7l^§>cl-i^ ol;gol cr^v]-, 

<95> ttl-5}^i, ^d-7Hl ^l^i^i J17j-5LSl-# ££LS>7l ^§11^]^^ ^I(P)^ 7l^^^S 

^7}S\o]ol^ §>xli?]: ^e^m ^1^^71-71- ^^7}X^^^S. o]^^ 2^} 7}^^^^^ 
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5131 9X^. 

<96> ^s^i-f, ^;^fl^M^ ^^^^s 1- «fl ^^^^ ^(P)<^1 y^^^dis. A 

competition effect) ^^^^Tlls] ^7}^]7]7^^- '^<^^^]^]7c\ ^#)^ 

<98> ^ #^<^1A^^ ^^J^Ol 2^> 7}^^^^$] 711^^ ^ «fl Mo# JL 

<99> ^ ^^^^1-^ ^^^^^"^1 MO^ ^^711^ ^^^^ ^^^^]y]7] n^c]] 2 

<ioo> att, Mo^ ^Sl-^o] o;(7l tifl^oll -^T-^oflA-l ^^1^ 

<ioi> £ 3^ Mo^7Hl i^^lM 7fl^jL-2}-# ^^l^A], soil 

M-Bf^f H]-^ y^^], Mo^^^ ^7H1 o^s]- BH^j^lfe €- ^l-ol7l- gi^^l^?]: Al^lfe 

<i02> 4>7l*!: Mo^7Hl ^tt ifl^lM 7ll^3L:2f# ^^tb '^sll'Hl ^^1-^, 
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^ ^ 9X9X^. 

<103> [^711^ 2] 

<i04> AI valueC^lJL^ln^ ^) = 44 -(423xTi )-(2119XNb) -(125xMo) 

<i05> ^ #^^>#^ Mo5] o]^]^ ^^j^ ^l-g-§l-3l a*!: 3]-^^ Mo^7Hl 

<106> ^ m-T^cHlA-i^ Lfl 2^} 7}^^^^^ W^l^l^l ^«r>ci^ B f-^^ 

<107> ^ ^^<^lAi^ ifl2^> 7l-^#l>§^ M.^ ^§><^ ^^1^ e^H-i 

<i08> c^l*]-, ^ ^^7j-o^ S^^<^1 cfl^H 

^^<=^1^ y^^J-£7> ^-^ ^Jl, 7j-^o11 ^^flSl-^ ^Tfl ^^^^O] 

competition effect)7l- ^<^7^ 7\=Er^^^^^<:>\]^^^ nfl-^ "^^^^ . 
<iio> t^el-^i, '^]^]% ^7l-3L5J}-l- <g7l 0.0016%c>l-a- ^7]- 
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s. ^^^^^^ <a^^'^l ^i-^t^lfe o.ons. wl-#^*> 

711^ 0.0025%S €^^^1^. 
<ii2> ^ 0.0016~0.0025%S. ^^^3r>^ ^-f^l^ ^ ^5^<^l><-i 

« ^711 ^7>§>^ 7Ao] 

<ii4> ^ ^^<^l^i^ Si-^l ^tt 7fl^^Sl- ^ £^^^j<tSl-# «J-^l*>7l ^ 

<ii5> ^J-71 ^J-^(Mn)^ <a^^^ "y^l-l- ^1 ^11 SI- A] 71 7J-^ 

<116> ^>7l^ ^7l-jL3H- ^^^1 ^^j§l-7l ^Sfl^i^ Mn# 0.2%<5l-^> ^7l-§>^ ^o] 

<ii7> *!r^, Mn^ 1.5%# ^^§>fe ^-f^l^ Jl-g-7j-3l-ofl o^sfl ^j-^o^ 
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^^^^ £^^^#<=>1 1=1-^ ^l^^^^l 

<ii8> i4ef^i, M 0.2-1.5%^ ^Itts^V^ wl-#^^H, Hl- 

^^§1-711^ ^7] Mn^ 0.2- 1.2%^ ^l^t^l-^ ^^m-. 

<ii9> ^(P)^ Jl-g-^J- 31-2.^7]- €■ ^i-^^^S-^i i^^fl ^l^o^^j^ 

<120> ^ #^^>#^ ^a^^^l-, ^'g^J-*^ ^^j^^ ^l>Hl5l-Al^ 

TlHl^i r^io^ ^>Aj-oii -^sl*!: (llD^i^S^^l ^v^^ S^>§l-ir ^H, 

^*1 i^^sl-^^^ <^%>^'^<^l^i ^^^^ ^>sl^^J(site conipetition)S.i^oii o^^fl 

<121> Olo] ^7|.Al ^^^^^Tfl^l qt^c^l o^Sll 2^1" 7l-^#l ol <^^^} 

^ ^7-1171- %lcl-. 

<i22> t^el-^i, c^si 0.05-0. 15%S. ^]^^ ^J^7} 9X-^^, t^V^^^VTll 

^ 0.05-0. /5llW^ ^^li^. 
<123> %(S)^ 0.01% c^l^l-S Tll^^l-^ ^ol tal-^^^l-x:!-. 

<i24> ^^7] Al^ ^ ^^<^lAi jielsl^ ^^^^ ^>M-'=>lcl-. 

<125> ^7] Al^ ^^T- ^J-^ Ti-^ ^ N(^4l)Jl^^# ^§11 ^7l-^>Xli?>, ^ ^t^ollA-1 

^ N^l- ^^§l-<^ ^l7il^ AIN ^^^*>«=^ ^^J^^j^^ 
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^^1^1^ ^^^^^ i^^lM ^ 41-^^ si-^^^ ^^i-^l 



Nb^7l- di^^i^y^^] ^-fofl^ ^^^^ NbC ^^}<^ 

^e^M-, ^ ^^^^l^ife NbC ^^^^ ^]^^ AIN 

^ i^^^l^i^ Al^ l^'y-'^Al ^l^il*!: AIN ^##^1 ^ 

Al ^^<^1 0.08%T3ltfhoi ;g^oil^ ^^'^-'^^1 ^1^-11*!: AIN ^7] 
olB^^S-^, Al 0.08%^ ^Itttt^. 

H]-^^ §1-711^, Al^ 0.1%# 3,3]■^■<^ ^7}^}^ ^A^S., Al^ ^^^1 0.1%# 

4I-7I AIN ^#1:^ ^<a^d-* ^^^^ ^^^1-^ ^7flel-^ 

^1-0. ^ ^ 0^0. ^^-^o^ a.7l# 7}^ol^ §>o^, 4^^* ^J^H.7lir §1-^1 1:^ . 
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<134> ^4l(N)^ Jl-g-^>Bfl^ ^^fl^^S^l ^^^^^^ ^ 

<135> ^ ^^^'^l^i^ ^^^1 Ti^7>^ u11:<^ Nb# ^^§1 ^7>Sl-ir 

<i36> 4^7] ^^^^^ 0.0025%<^1§1-S 

<i37> Ti^ ^41- ^^j^di^A-] 7j-^oil TiN3]- TiS 

<i38> ^e-m-, ^ ii:^<^lA-i^ Ti€- ^-B-^It-Ix] ^tIM- ^s., ^ ^^^^ 

oil J13^§H 31^^ ^^91 0.003%<^]^■S. Ti^ ^ 

<i39> Nb^ Al ^ Mo^ cll:^ ^1]^ ^dt^^M. 

<i40> Nb^ ^J-^tb ^^j^^iS^i 7j-^oii NbC 

§M ^M^^ ^^^1 ^^^^ «j-«fl§>^ ^^^*b ^>^(barrier)'35^# S>7ll ^ 

55-24 



<i43> ^ ^^-^Hl^i^ NbC ^##<^1 ^sfl T^jxiisl-Ai^lji nelji <a 

^ 0.003-0. 1%S ^^js->fe ^o] Hl-^^§1-Ti^, :a.r^ 0.003 

~0.011%S. ^^^s:]-^ ^^14. 
<144> NbC 3.71^ 30 M-i^T^lB] o]^].7]. ^o] 

^Sfl^i^ Nb^^ ^T?]: <^}^B]- Nb/C ^^lofl p^le>l§>^ ^o] ^ 

^l^i^ Nb/C 0.3~0.7S. ^1*!:S>^ ^^^l ^.S-sl-tq-. 
<146> -S-71 Nb/C Hl7l- 0.3 ^^^]^ ^J-^ ^tfl Jl-g-Ht^ ^^2] -^^o.^ 

^7>SH ^^^Sl-iJr^l #7l-§l-XlT?]:, AlJrxl^^S #7l-§l-7ll <^1 ^>^^flAlJr^^ol 

^Sl-SjS-S., -S-71 Nb/C til^ 0.3~0.7S xfltt^V^ ^'^l ^-fi-^Vt:!-. 
<i47> ^1-71 Mo^ ^ #^<^Mi ^11-^ ^^^^ ^■^■'^]^. 

<i48> Mo^ ^d-#<^l Jl-g-51^ W^l ^17-11-1- MoT^l lirsl-l:^ ^^j^l?-!^ 

^7H7?^ Old] o^*!- ^Jll, ^ ifl2^1- 7>^#)A^^ 7fl^§H, 
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<i50> o^eV^i, ^ til-g-i-^: JlB^^ ^ Mo 0.01-0.4%^ 

s. ^-11 ^§1-^ ^^1 wi-5j-^is>Ti^ , iirf y>5j-^ §1-711^ 0.01-0. M ^^s. ^^1^§>^ ^ 

<151> -a-7l 711 oil 5L-%-S\7^^ ^ 

<152> -^1-71 B^ ^7}^ tflal ^fl^oll <^^T.ol ufl-^ ^ ^^S^i n ^7]-%=^ ^ 

<153> ^, 41^5] B^^mS 7j-^o11 ^7}^}7\] S]^ '^^^]6\] ^^§><^ 2^1- 7>^#l^j^ 

<154> ^^iM-, •a^^^'^l^l-^^ ^7l-Sl-7ll € 7j-:51o^ ^71- ^ <?l^j^ ^^i*!: 

<i55> iifsl-^i, ^ Ir^^J-^l^i^ ^isltt ^ « B^7H1 Tflt!: ^l^J- 31 3^ 

s^>^ 41-7I B^ 0. 0005-0. 005%S. ^^J§>^ ^^1 wj-^^j^H, ^v]- w>^2j§> 

Tllfe 0.0005-0. 00 15%^ ^^^§>fe ^^1^. 

<156> ^ 7J-^^ -a-7ltb ^^^^^1- ^^^l^ji^A-l ^^j^ a.7l7l- ASTM No. 
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<157> 41-71^ ^<='l ^^^^ H.7l# ASTM No. 9 ^H^--^^ ^^^1^ ^^^^^]^] 

^^^^ ^4. 
<158> ^, ^^^^ a.7l7l- ASTM No. 9 ^^^]^ ^tfll- 7l 

<159> ^ 7j-^o1lA-]^ ^^J^^1<^1 ^7fl§>^ jL-g-^^o^ oj:ol ^^^^^fl<^l ^7fl 

<160> ^ ^^<^1 ^^^i, ^^^^i^<^l #7fl3r>^ wV^^tt Jl-g-^^^ ^c^^ 3~6ppm 

<i6i> ^ ^^<^1 ^<>1^i l^'y-^^l ^#5]^ AIN ^##3] 3.7]^ 20//mol§> 

7> 51 §1-^ ^o] 

<162> AIN ^#1-^ 3.71 # 20/zmol^l-S s->^ ^^<^1^ ^^^^^ JS-^ ^l^-fls-]- 

711 ^}'^ ^^cf^^S ^^^Sl-^j# -M-Cf W^l^ ^ Sl7l Hfl^c^lx^. 

<i63> ^ ^^o\] ^^51 ^j-^^ -fn"^ ^^^Sf^^, -f^^ ^^iJL^j, -f^?!r 

^fl2^1-7l-^#l>^^ ^ SOOMPa c>H>^ ^^7j-:£^ ^^1^. 

<164> O]^^ ^ #^7j-^ /^lS§>fe hV^^* «J-^Sl <a^Hl tflsl-O^ ^^^Cf. 

<165> -^7]^ ^^1 S^jSl^ -g-7j-^ T^lSt!: ^, ^IS^ ^^^S5:>cxl #5l- 

w.(Slab)# ^ISft cf^, <^1 ^5l-H.# 1200°C<^l4HlAi 7}<^^}<^ Ats^^'^]^^, 
^^>7llfe Ar3^:£ 900-950°C^ ^£i^^<^l^i i^i-j^sl^H ^^^^ 
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<i66> 4>7lsq- ^o] ^efti.# i200rcH>^ 7}<^^-^ O]^^ ^^^T-^^^ 

<i67> ^, #Bl-ti. ^£7]- 1200°C^l^<a ^^^1^ ^J-^ ^^*!: ^^^BllM-olH 

^:^j^o] ^§>J7, ^^o] sjrLS. ^fl^o^ <gS].7> SSfl^cf. 

<168> 't^'a-<aT^>^Sl ^£71- ^^^]^ <i<aS'a^ 4T-(t0p)^, s:Ktai 

^^'^Hl K"^^] ^^^1 € (orange peel)^^ ^^^1 ^5717] 
<i69> o^el-^i, '^'Isl^ ^^^l^i l^'a-'^T^V^sl ^^^^^1-^ ^t^. 

<170> ^^<a-<a^l ^<a^#l^:£7l- ^^<^1^ ^^^^ H.7171- 

^7l-§H ^^^^ Jl2}-# ^ §i3L, <y7llS^ol ^71- 

§H 2^1- 7V^#l^jol <ao]i47l ^Jl, <1'S^#1^£7> U]-^ ^-f-'^lfe ^^^^ 

* ^ ^^^^^^ <aS)-7l- SSfl^i:^-. 

<i7i> tc)-e]-A-l, oje-i^ ^^ofl^i ^^j^>^ 

<i72> ^ ^^<^lA-i H]-^^^ 1<?1^#1^£^ 550 ~ 650°C<^lo^, w]-^^*!: 1 

600 ~ 650r'^l^-. 

<173> 41-71^ ^<^1 1^<a-<a<='l ^S.^ 7j-0. ^, 
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<174> o] ^ 4^^*!: ^^<a-^^^ 70 ~ 80%^i^<^M. 

<i75> ^^'a-'a^^ 70%^Hi-^s. ^Ao] ^^i^ 

jToTj-oil i^AlJL^^ 7fl^3}- c]l:Ol r^m 7B^§>71 ^^T-^lc]-. 

<i76> tt^, ^^'y-'S^'^l 80%!- 3,^^-^ ^^^]^ ^^J^ ^l^ilS]- Jl^I-^ 3-^1^, 

<y-c^^oll ^^i^ 3.7]$] ^i^7} 3.711 S\c>\ o.^l3l ^fl^^ 

sefl^>7ll s\x^, #7H1 ^«fl r^l7> ^^j- :?]-4i^>7ll 

<178> <S^4i^S^^ ^^^51^ ^W^l^, w]-^^^ 770- 

830''C^^:£'^m-. 

<i79> Nb^7l-7j-^ Ti^7Kj- i:flyl 7fl^;^^^:£7l- M7l ttfl^c^j m^7}y^9l ^ 

<180> ^, 4l^^£7l- 770°CTill?><a ^-f<=>il^ T^]7^^^^^ ^^^^^ ^7flS «J- 

^7j-:£7> ^71-§>JL <a^^ ^ r^l7> 1S1-§>711 ^i::]-. 
<i8i> tb^, 4i^^£7l- 830 r# 3,^^}?]] € ^^<^1^ ^j^^^^ 7fl^£]xli?]: 

^a.7l7l- ^ Tt-T^yJ-c^jA-l ^^i^ 3.7]9l ASTM No. 9ix:f ^'='1- AI^'^l 

SOMPa^Hl-^S^i i^T-lJi^gol Til ^1=1-. 
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<i83> ^1-71 -§-§-51^^ <=>1-M^, «Ssfl;^lJi 9X^ 

<184> -S-g-£^^£^ ^^1- 450~500°C^^£<^lx:f. 

<185> trf^-Hl, ^>7l^ ^o] -g-g-S^^ -g-g-S^^d-^^ S^'a-<?1W. 

<186> o] nfl, S^«a-<a^ i:-ll:<^1 ^1-^ i^l^lJL^j^ 

<187> ^, ^>7l S^'a-*^^^^ ^^>S] S^'a-a^ JS-Cf i:^-^ MtII ^^j§>^ ^c^l wl- 

<i88> ^eiM-, S^<y-<S#^1 H-^ ^^<^lfe i^^lM^ ^Hi-^cf 71- 
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<191> (^^1^1 1) 

<i92> ^}7] s. m- ^<=>] 3^^i^^ ^cJ- i22o°c<^l^i y}'^^ ^, 920 rs] ^ 

^cn]A\ pf-^B] i^^i-<a^l-'^ ^^'y-^^J-^* ^issi-^irV. 
<i93> ^oM^ ^^1 ^is^ §1-71 a 2^ s^^s. ^^^-ji, ^^<y-<^ 

<a-§>#s. 2:^<a-^ ^ cf^, 4i^^gi-^(BH), ^m^l-^(AI), n ^^^^ h.71(astm 

No), AIN 3.71 ^ «a^j-#l^^ ^'^1^:£(DBTT)# #^J§>J1, 3. ^^f^ §l-7l 
a 2<^1 M-E^-tfl^c]-. 

<194> §1-71 a 2^11 A] <a^^-#l^j ^^l^^(DBTT)^ 2x1- 71-^41^^^ 5g7l-Sl-ir 
^SAi 7l-^til 2.0<^lAi ^-^^^ ^^M. 

<195> ^^7j-(8)cil tfl§l-o^ ^ 200yll yfl^S. 

^#§l-ji, n ^JJl-# £ 4<^1 M-El-tfl^cl-. 
<i96> att, ^^7j-(8), tilJi7 7j-(6) ^ ^5fl7j-oil tfl S^^^ 71-^^1 ^Sj-o^] xx\-^ DBTT^ 

^Sl-# SAj-Sl-jl, n. ^31-1- £ 5<=^1 M-Bl-i^^x:!-. 
<197> o] ufl ^Hfl7j-^ 0.0019C - 0.63Mn - 0.056P - O.OSSol.Al - 0.005Ti - 

0.006Nb - 0.0014N-el S^^^ 7j-o]cf. 

<i98> atb, ^^7j-(8)^ AjjL^,^ sAj-B^i-jL, n ^a2i-# e^fl M-El- 

<i99> £ e^H^i, ^7lA] as-received ^5^^^!-, ISOdays aged Bfl 

55-31 



^£ ^ Bfl^xfo^ ^^j^^, 32 r. 70%!- 



IS. 1] 







C 


Mil 


Si 


P 


S 


Sol .Ai 


Ti 


Nb 


N 


Mo 


B 


Nb/C 




1 


0.0024 


0.58 


0.01 


0.069 


0.0082 


0.087 


0 


0.008 


0.0016 


0.034 


0.0005 


0.43 


2 


0.0022 


0.63 


0.009 


0.068 


0.0081 


0.098 


0 


0.01 


0.0024 


0.048 


0.0005 


0.59 


3 


0.0023 


0.45 


0.011 


0.062 


0.0058 


0.105 


0.0025 


0.0082 


0.0019 


0.061 


0.0007 


0.46 


4 


0.0024 


0.61 


0.008 


0.071 


0.0083 


0.118 


0.0015 


0.0073 


0.0015 


0.059 


0.0005 


0.39 


5 


0.0017 


0.98 


0.01 


0.096 


0.0070 


0.105 


0 


0.004 


0.0017 


0.051 


0.0008 


0.3 


6 


0.0019 


1.01 


0.015 


0.10 


0.0063 


0.089 


0 


0.005 


0.0020 


0.062 


0.0009 


0.34 


7 


0.0021 


1.10 


0.007 


0.099 


0.0073 


0.105 


0 


0.007 


0.0013 


0.045 


0.0005 


0.43 


8 


0.0023 


0.98 


0.013 


0.091 


0.0057 


0.104 


0.001 


0.011 


0.0013 


0.098 


0.0007 


0.62 


9 


0.0020 


0.43 


0.01 


0.030 


0.008 


0.30 


0.003 


0.008 


0.0017 


0.049 


0.0005 


0.52 


10 


0.0022 


0.32 


0.008 


0.035 


0.007 


0.42 


0.002 


0.01 


0.0021 


0.021 


0.0006 


0.59 




1 


0.0054 


0.64 


0.01 


0.069 


0.0071 


0.082 


0.001 


0.011 


0.0017 


0.021 


0.0007 


0.26 


2 


0.0022 


0 . 63 


0.014 


0.066 


0 . 0085 


0.040 


0 . 025 


0.009 


0.0015 


0.015 


0.0005 


0.57 


3 


0.0012 


0 . 65 


0.011 


0.070 


0.0072 


0.075 


0.001 


0.0105 


o.ooiy 


0 . 059 


0.0008 


1.13 


4 


0.0021 


0.93 


0.008 


0.096 


0.0089 


0.043 


0 


0.022 


0.0017 


0.021 


0.0006 


1.35 


5 


0.0022 


0.59 


0.009 


0.062 


0.0066 


0.071 


0.002 


0.009 


0.0022 


0 


0.0007 


0.53 


6 


0.0019 


0.99 


0.007 


0.099 


0.0078 


0.041 


0.001 


0.008 


0.0021 


0 


0 


0.54 


7 


0.0020 


0.62 


0.015 


0.047 


0.0085 


0.021 


0 


0.010 


0.0019 


0 


0 


0.65 


8 


0.0023 


0.98 


0.016 


0.120 


0.0078 


0.098 


0.001 


0.009 


0.0023 


0.031 


0 


0.50 


9 


0.0024 


0.54 


0.01 


0.059 


0.0087 


0.29 


0 


0.005 


0.0022 


0 


0.0007 


0.48 


10 


0.0069 


0.43 


0.009 


0.056 


0.010 


0.36 


0.003 


0.010 


0.0019 


0.015 


0.0005 


0,19 
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IS. 2] 









-^"^ ^ 




















^£ 


(BH) 


(AI) 


(ASTM No) 




3.7] 






(V) 


(%) 


(V.) 


(MPa) 


(MPa) 




(DBTT)(r) 


(Aim) 




1 


620 


78 


805 


42.7 


22.8 


10.5 


-50 


20<^1^1- 


o 


2 


620 


77 


820 


40.2 


16.8 


9.8 


-40 


20^1^1- 


7}- 
o 


3 


620 


78 


825 


41.3 


17.9 


9.9 


-50 


20^1^1- 


4 


610 


76 


800 


44.4 


20.5 


10.5 


-60 


20^] §1- 




5 


640 


78 


820 


50.2 


29.1 


10.0 


-40 


20<^1^1- 




6 


620 


78 


820 


47.6 


25.7 


11.1 


-50 


20^1^1- 




7 


620 


75 


830 


45.4 


23.5 


11.5 


-40 


20^1^1- 




8 


620 


78 


820 


38.1 


8.0 


11.3 


-40 






9 


620 


78 


820 


53.2 


19.7 


12.5 


-70 


20<^1^1- 




10 


620 


77 


820 


58.4 


19.3 


11.7 


-60 


20<^1^1- 


til 


1 


620 


78 


810 


62.0 


51.2 


11.2 


-60 


20<^1^1- 




2 


640 


78 


820 


13.1 


12.5 


8.1 


10 


20^1^> 




3 


620 


78 


810 


0 


0 


8.2 


20 


20^1^1 




4 


630 


76 


800 


0 


0 


9.1 


20 


20<=>1^T- 




5 


620 


78 


810 


38.3 


24.1 


10.9 


0 


20 ^^l-^^ 




6 


630 


77 


820 


36.4 


26.6 


9.2 


-10 


20^]^> 




7 


620 


76 


810 


34.1 


22.8 


9.5 


-10 


20^1^<^ 




8 


640 


78 


820 


40.9 


20.6 


9.8 


0 


20<^1^T- 




9 


620 


77 


820 


60.0 


33.4 


11.2 


-60 


20^1^1- 




10 


640 


77 


820 


63.8 


39.7 


11.7 


-70 


20<^1^1- 



^ ^^i^ 3.7]7\ ASTM No.S 9.8-12.5^ A^}^ SX^., AIN 

2Qm'=']^\^ 3.7]% 7\^]3. 3X^^ '^^ ^ $X^. 
<204> 51 A^]^^ ^ ^ SX^ y^\9\- ^o], Ti-^7j-(8)o] pfl^ ^^^^ 

^ cll:^ ^'a*!: ^^^^ 7\7.]3L 3X^. 

<205> ^ ^7] S 251- ^o] ^^^^ ^o. :^^v^^-g^T:q- 

Am^^ ^7>S. 9m ^]^^ AIN ^##^1 NbC ^M^f c^l:^ 
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<206> tq-el-^i -^le]^ ^^^^ 38.1~58.4MPa^ ^ 

i^^lM^ M-^i^^ ^In^^ AI^l7l- 8.0-29. lMPaS.A-1 BH^j^f 4I- 
^ i^AlJL^^o^ balance) 7]- nfl^ o.^§]-^r^, 

<207> tt^ ^ ^^^oMl^i ylsfl AI^l7l- A1N^##<^1 

^-g-* ^-^S. :e-^x:f. 
<208> 2^1- 7l-^#1^^#iSoflA-l:£ 71-^til 2.0<^lAi^ DBTT71- -40 ~ -70°C# 

<209> s 5<^l M-i5l-\f 4^ ^^1, ^^^d-(8)^ Mo^ ^y}s. 9m ^^i^zt^ 

<2io> £ 6<^1 M-B^-^d: 4^ ^'^l, ^^^^-(8)^ <^l5.i*t Jl^^ 71-^t!: S^^l 67fl^ 

<212> ylJa^J-d)^ ^di^^c>l ^ ^^^J-'^^l^i ^1^1^ 0.00 16-0. 0025%-M.x:1- M 

^ 0.0054%7f ^7}^ ^^S-^i, DBTT^^^^l -fn^§>31 BH^<^1 nfl-^ M^l^, AI^l7l- 
30MPa^l^>-^S ifl^lJL^j^^l nfl^ ^ ^^i^il, ^^^^ H.7l^ ASTM 
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<213> lE^, tilii77j-(2)^ Sol.Al^^<^l 0.04%S.A-] ^ ^t^7j-oilA-] ^]X\^ 2:^91 

0.08-0. 12%^cf ^Jl Ti^^^l ^ ^-fl^l*!: S^^c]- 0.025%^ ^7]- 

^ 7j-o.^A-], 3.7]7} 3.JL, Bm<=>] ^JL, DBTT^^^ #^1 ^ 

<2i4> ^, tili27j-(2)^ A1N<^1 ^^^^ ^l^-flSl-jL^f ^ BH^ ^^S.3]-7} ^9X^ 

Ti^^^ ^7H1 ^J-^ ^y}^ S.^ ^^7} Ties. 

^3 (site compel i on) jL-2f7l- ^ol-??^ DBTT^^^ ^S)-^ ^^1^. 

<215> tilJil7d-(3)^ ^ ^^^}7]^ ^4^^^<='l 

0.0012%^^^ ^ ^^-S-Cl- 

<2i6> t4el-^i, ^l^i*!: ^t:H ^^^^^ 9m ^^^^'^l BH^j ^ AI 

^^S. M-SiTll M-Bfq-Jl, DBTTS 20°CS.A-1 ts]-^^ <^ ^ ^i:^-. 

<217> til327j-(4)^ Sol.Al^ ^ 1:^ ^Tfl ^7l-ElJL, Nb^ ^ 

<2i8> i4s1-^i, tilii77j-(4)^ ^^^1^ Alc^l ^tt ^^^^ T^lA^lSfj^sf^ BH^^ 7]]^ 

jL2)-ir 7ltfl^ ^ §ij7, Nb^7Hl NbC ^##^1 ^51§l-7ll ^7} 

^^^^ H.7l^ ASTM No.9.1S>| ^ ^^^J-oflA-l :^]X\^ ^^^^3.7]Wr ^^-^}7-] 
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<2i9> tilii7 7j-(5)^ ^ ^T^yJ-cHjA-] x-fl^lt!: tiliasi] ^ nfl Mo^ B<^1 ^7} 

^'^} Mo^ B<=^1 2^1- 7l-^^^j 7fl^^ 7ltfl^ ^ 

<220> ^, tilii77j-(5)i- BH^^ ^ Al^j^ -fn^^W^, Mo ^ v]^7}S. ^sfl DBTT 

<22l> tili27j-(6)^ Slo.Al^^l ^ ^^-S-i::!- ^711 ^7}^ 31, a-St Mo7l- ^ 

^^^^^ ^i^^^^^S. ^sfl DBTT^^j^l <asl-^^ ^ Si^. 
<222> tiliii7j-(7)^ Sol.Al^l ^ i^^JM-t:]- ^711 ^7}S\5L, , Mo ^ B'^l ^ 

71-517^1 7j-o.^A-1, BH71- 34.1 ^^£o]37, AI71- 22. 8^^ £ , Mo ^ B^] 

1^1^71-^ ^sfl DBTT^^j^l 'iW^ ^ ^ 
<223> tilJi7 7j-(8)^ 0.12%S.>| ^ #^7j-cHl>| ^-11^1^ ^^^if]^-?] 0.05- 

0.11%1- S,^-^}3L, lE^ BO] ^7}S\^] 7j-o.^A-l, Mo<^l S]sfl DBTT^^^o] 7ll7H 

$] ri]^7}S. DBTr^^j<='l #^1 '^^ ^ 9X^. 

<224> tilii77j-(9)^ Mo'^l ^7>£]xl 7j-o.^Ai, Al7l- 33.4MPa^S. i^^lJL^^c>l ^ 

<225> tilJ27j-(io)^ Nb/Ctil7l- ^ ^^$] M.^ y^^S.^^, BH ^<^} 
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<226> (^^Hl 2) 

<227> Nb/C £ M-B^-Td: ^<^1 ^51-^1^ ;^l^§j.j7^ S 1 ^ S 2 

^ T^S]-<^1 tq-^ BH ^ ^ AI #^^§1-31, 3. ^^1- £ 7^11 M-B|-i^^i4. 

<228> £ 7^1 M-Bfid: wl-i^- BH ^ SOMPa^l^l- ^ AI iJ: 30MPa<^l§l-# ^^^}y] 

^sfl^i^ Nb/C ^'^l 0.3-0.75] 7l-;^e.> <^ >^ oj,^^ 
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^^%S., C : 0.0016-0.01%, Si : 0.1% ^]^}, Mn : 0.2-1.5%, P : 0.05- 
0.15%, S : 0.01% <^1§>, 7l-g- (Soluble) Al : 0.08-0.5%, N : 0.0025% o]^}^ Nb : 
0.003-0.1%, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C ^1 : 0.3-0.7, Fe ^ 

71 M:7}^^ Ir^l-S c:>l^c:H^l3i; 

•i^^Vc^Al ^A^^ T^lxiltt AIN ^#1-<^1 ^7fl§l-ji; 

^^^^ H.7171- ASTM g^HT-olji; ZLS^Jl 

T3lA-il*V AIN ^oM ^^^1 ^^^^ ^^^1-^: ^^1^>^ ^>«^^SAi 

1^^^ 2] 

^<^^i, A12] ^^o] 0.1%^^]- 0.5%'^l*l-^l ^^i-^S §>fe Jl^J- 

[^^^ 3] 
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I^^^ 4] 

^12«J-<>11 $l<>|^i, AIN 3.7171- 20/zm<=l*>^ ^ 

[^^^ 5] 

^I3«j-^1 ^^^i, ^1-71 AIN ^#1:^ a.7l7l- 20m'^]^-9l ^^^^ 

I^^^ 6] 

^ll«J- ;^12%H1 $Z^^-1, NbC ^##^1 ^7ll§l-ji, ZL^JL NbC ^##31 

^53.7171- 30M-:ii^^lBlolgrl.ol ^^^^ *1-^ JL7j-5L ^^-^ ^ gj-^ ^^^^<a^J-^ 

[^^^ 7] 

^13%H1 ^^^i, NbC ^##^1 e^ll^l-jL, nelJL NbC ^J537l7l- 
30M-i^TilBlol§>oi ^^1^^ ^:a-;§5l-^ ^^^a-a^J-^ 

I^^^ 81 

^14«J-<^1 91'^^^, NbC ^##^1 ^;<11§>J1, ^slJi NbC 3§^3.7l7l- 

30M-i^T3i Biol §1-01 ^^^^ jL7j-:£ ^^'a-<a^d-* 

[^^^ 91 

^15%1-<=H1 ^^^i, NbC ^##^^1 $7ll§l-jL, jielJL NbC ^J^37l7l- 

30M-i^T3iBioisi-o] 51 o. jiy^sL di^y^sir^ ^^^^y-^a^j-^ 
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I^^^ 101 

^^^w ^^^a-'S ^ <a^^^*H ^iss]^ ^^^5]-^ 

^^%^, C : 0.0016-0.01%, Si : 0.1% '^l^}, Mn : 0.2-1.5%, P : 0.05- 
0.15%, S : 0.01% '^'l*}, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% <^1*>, Nb : 
0.003-0.1%, Ti: 0.003%cl§>, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C : 0.3- 
0.7, Fe ^ ^7M^ ^^^S. o]^o]^]jl; 

^^^^ ^l^il^ AIN ^#1-<^1 ^7^^-5L; 

^^^^ B.7]7} ASTM gol^i-'^lJi; ns^ji 

^1-71 AIN ^^7] ^^A] ^^^^ ^j^V^ ^^l^>fe ^l-^^S-^i 

I^^^ 111 

^110^<=^1 ^^^i, Al^ ^^'^l 0.1%^3f 0.5%ol*l-^ ^^^^ JL 

[^^^ 121 

3-6ppm^ ^^^S. s>ir Jl^J-:^ ^-^^^5]-^ 
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I^^^ 131 
[^^^ 141 

^112«J-<^1 ^^^i, ^>7l AIN 3.7171- 20/zm^l*l-<?l ^^l-^S. 

151 

;^110«J- >^111«J-<^1 ^'H^i, NbC ^#1-^1 #7lle>ji, -LSlji NbC ^#*5l 

3i^H.7l7l- 30q-i^T3l Bio] §1-01 ^o. m^l O.^ ^.^ 4l^^Sj-^ ^^'^-'^l^d-^ 

[^^^ 161 

:^112%l-c.ll ^<=>l^i, NbC ^##^1 #711^1-31, n^jL NbC ^#1-^ ^J^H.7l7l- 
30M-i^T3lEioi§i-oi ^o. ^^o.^ §i-i^ JL^J-S ^-^^5)-^ 

171 

^113«J-<^1 NbC ^^^'^l ^711^:1-31, nslJi NbC ^#*sl 3g^H.7l7l- 
I^^^ 181 

^114«d-<^l ^<=>l^i, NbC ^#1-^1 ^711^1-31, nslji NbC ^#1-^ ^J^a.7l7l- 

30i4i^T3lE-lol§l-Ol ^o. ^;^o.^ ^1-^ JL7j-£ ^-^^Sl-^ 
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I^^^ 191 

C : 0.0016-0.0025%, Si : 0.02% o]^}, Mn : 0.2-1.2%, P : 
0.05-0.11%, S : 0.01% c.l^>, 7l-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% ^^l^r}, 
Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C ti] : 0.3-0.7, ^ 

Y Fe ^ 7M 1:71-31*!: 1:^#^ oj^c^xlji, 20m'']^-^ AIN ^##^1 ^^fl^l-Jl, 
^^^^3.7l7> ASTM ^S. 9^Hl-^lJl, =L=E]5l SOMPa^^l^l-^ ^-^^ sl-^(BH) , SOMPa^l 
AlJL^l^ (AI), 71-^til 2.0<^lAi -30r<^l§l-^ DBTT, ^ 340~390MPa^ ^^>7d- 

:£# ^fe ^^^s. jL7j-£ 

[^^^ 20] 

7-11 19^1-011 ^^^^TlHl e7ll§>^ Jl-g-BJ:^^ ^^ol ^^^^i^oil ^^]l§> 

~6ppm^ ^^^S ^>fe 4^«-^5l-^ ^^^y-^^cJ-^ 

[^^^ 211 

^^%S., C : 0.0016-0.0025%, Si : 0.02% ^l^l-, Mn : 0.2-1.2%, P : 
0.05-0.11%, S : 0.01% ^1*>, 7l-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% '^]^-, 
Ti : 0.003%«^1§1-, Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C 
tij: 0.3-0.7, Fe ^ 71^^- l:7>iq^ 1:^#S c^l^e^^lji, 20m'^^^}^ AIN ^ 

#^oi ^^^^a.7l7l- ASTM ^S. 9^Hi-'^lJL, nBlJi SOMPa^l^J"^ 

Sl-^(BH), 30MPa^l*l-^ ^iSl^ln^ (AI), 7l-^til 2.0<^1>| -30°C^1§>^ DBTT, ^ 340 
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I^^^ 221 
[^^^ 23] 

^d- <s^'a-<?i, ^^'a-<a, <a^4i^, -§-g-£^ m s^^^^H ^12: 

C : 0.0016-0.01%, Si : 0.1% <^]^}, Mn : 0.2-1.5%, P : 0.05-0.15%, S 
: 0.01% c>l§l-, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% <^]^}, Nb : 0.003- 
0.1%, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C : 0.3-0.7, Fe ^ 7lBf 

<l^oi-olAl ^^^^ T^l^^l^ AIN ^##'='1 ^7fl§>ji; 
^^^^ 3.7] 7]- ASTM ^S. 9<^]^^o]ji; ris]3L 
^d-71 AIN ^o^7l ^^^1-^ ^^-ll*}^ 

^ ^ 3.7] -§-§-:£^^d-* 
I^^^ 241 

;^l23«J-c>fl ^<^A-1, Al^ ^^^^l 0.1%S2l- 0.5%'^1^>^ ^^-^S. s->^ -g- 
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I^^^ 251 

^c^^ 3~6ppm^ ^^^S. §>fe -g-§-£^^d-^ 

261 

^■1123%1- ^124%1-^1 ^oi-7l AIN a.7l7l- 20;tim<^l§>^ 

I^^^ 271 

^125«J-<H1 9X'^^^, AIN H.7171- 20/zm<=l*>^ ^^1-^^ 

[^^^ 281 

^123%!- ;^^l24«ol-<^l ^^^i, NbC ^#1-^1 ^7fl§l-ji, nelJi NbC 

^^3.7]7} 30i4i^T^l Bio] §1-01 ^o. ^^10.^ §1-^ -g-g-t^^J-^ 

I^^^ 291 

^125«J-<^1 9X<^^^, NbC ^7)\^}JL, H^JL NbC ^^3.7]7} 

30^-}^^]^'=>]^}9l ^^^^ -g-g-5i^7d-^ 

[^^^ 301 

^126%H1 ^<^^i, NbC ^##^1 ^7l]§l-ji, nelji NbC ^J^H.7l7l- 
SOM-i^Ti] Bio] §1-01 ^^10.^ 
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I^^^ 311 

^]27^M NbC ^#*'=>1 ^^^^}JL, n^JL NbC ^^3.7l7l- 

30i^-i^T3lBlol 3:1-01 ^o. m^go.^ ^.^ ^-§-£^7^-^ 

[^^^ 321 

#e1-ti.i- l^'y-'?!, ^^<a-^, <S^4i^, -g-§-:£^ ^ s^'^-'a^M ^is 

C : 0.0016-0.01%, Si : 0.1% Mn : 0.2-1.5%, P : 0.05- 

0.15%, S : 0.01% -^-l^K 7>-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% '^]^-, Nb : 
0.003-0.1%, Ti: 0.003%^ls->, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C 0.3- 
0.7, Fe ^ 7lBf l:7l-slt!: oi^o^xlzi; 

<g^ci-cg^] ^l^il^!: AIN ^##<^1 #71] §1-31; 

^^^^ H.7171- ASTM 9^Hi-^l3i; nejji 

^1-71 nl^-ilt!: AIN ^#1-^ ^1-71 ^^^^ ^Tfls:]-^ 

[^^^ 331 

^132%H1 $1<=H>|, Al^ ^^'^l 0.1%^i^ 0.5%<^1§1-^ ^^^S. §1-^ ^ 

I^^^ 341 

71132«J- 71133%H1 #;^11§>^ Jl-g-^:li2l ^^o] ^^^^ 
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[^^^ 351 

^132^ ^133^<^1 il^^i, AIN 3.7171- 20//m'^l^>^ 

§l-ir -g-§-51^^J-^ 

[^^^ 36] 

^134«J-<^1 $X<^^^, ^7] AlN H.7171- 20;zm^lsr>«a ^^i^S. 

I^^^ 371 

^132^J- ;^133%H1 ^-^^i, NbC ^##<=>1 ^^flsrl-ji, nelJi NbC 
^3.71 71- 30M-i^T3l Biol §1-01 ^o. ^.^ -g-g-5L^7j-^ 

[^^^ 381 

^134«J-<^1 ^<H^i, NbC ^##^1 ^7ll§l-j7, nBlJi NbC ^53.7l7l- 
I^^^ 391 

^135«J-<^1 ^<^^i, NbC ^##^1 ^7]1§1-Jl, ZLBlJl NbC ^##^1 3§^3.7l7l- 
30M-i^T3lE-lol§l-o] ^^^^ -g-g-£^7j-^ 

[^^^ 401 

^-11 36^1-^1 NbC ^##^1 ^711 ^>ji, nelJi NbC 53.71 7l- 
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I^^^ 411 

^^%S., C : 0.0016-0.0025%, Si : 0.02% Mn : 0.2-1.2%, P : 

0.05-0.11%, S : 0.01% '^l*!-, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% '^l^K 
Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C : 0.3-0.7, ^ 
^ Fe ^ 7lB|- l-7l-3q^ Ir^l-S. -^l^-^xlji, 20fm'']^}^ AIN ^^^^}3L, 
^^i^3.7]7} ASTM g^l-a-^lJl, H^Jl 30MPa«^l^>^ 4i^^5l-^(BH), SOMPa^l 

^IM^ (AI), 7l-^til 2.0^11^1 -30°C^1§H DBTT, ^ 340~390MPa^ 91^^^^ 
51* ^^i^S. §1-^ -g-g-Sl^^d-* 

I^^^ 421 

~6ppm^l ^^i^S. -g"g-£^7j-^ 

[^^^ 431 

C : 0.0016-0.0025%, Si : 0.02% ^l*!-, Mn : 0.2-1.2%, P : 
0.05-0.11%, S : 0.01% <5l§>, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% 
Ti : 0.003%<^1^>, Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C 
a]: 0.3-0.7, Fe ^ y]^ ^7}^]^ Ir^l-S. oj^c^^lji, 20ium^]^}^ AIN ^ 

##0] ^^^^^37171- ASTM ^S. Q'^l^^^lJl, nslJi SOMPa^Rl-^ 
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S)-^(BH), 30MPa^l^>^ ^13L^1^ (AI), 7l-^til 2.0^1^i -30°C<^l§>Sl DBTT, ^ 340 
~390MPa^ ^^i-^S. -g-g-S^^j-^ 

[^^^ 441 

~6ppni^ ^^i^S. §>fe -g-g-S^^J-^ 

[^^^ 451 

C : 0.0016-0.01%, Si : 0.1% Mn : 0.2-1.5%, P : 0.05- 

0.15%, S : 0.01% <^l3r>, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% <^l*h Nb : 
0.003-0.1%, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C ti] : 0.3-0.7, Fe ^ 

7lBl- l:7>3ilt!: Ir^^S. <^l^<H^m ^J" ^ef^-l- 1200 °C c>l ^Hl 7l-<i§l-3l Ars^S 

[^^^ 461 

C : 0.0016-0.01%, Si : 0.1% Mn : 0.2-1.5%, P : 0.05- 

0.15%, S : 0.01% <^ls>, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% ^^l^h Nb : 
0.003-0.1%, Ti: 0.003%'^1§>, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C a] : 0.3- 
0.7, Fe ^ 71 1:71-3x1 ^l^<H^lfe ^J" #Sl-«.l- 1200V o]^d\]X] 

71-^5:1-51 Ar3^:£c:>HHl^i ^^^>-?-Bl <y-<a , ^#1^ ^, ^^^^"^^ , <S 
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I^^^ 471 

^^%S., C : 0.0016-0.0025%, Si : 0.02% Mn : 0.2-1.2%, P : 

0.05-0.11%, S : 0.01% '^l*!-, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% '^l^K 
Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C : 0.3-0.7, ^ 
^ Fe ^ 7lBl- l-7l-3q^ Ir^l-S. <='l^'=H^m ^J-^ 1200''C<='l^HlAi ^^sj- <^^]^ 
^ ^, 900-950 ^£T^^<^l^i ^>^el 1^'^- 9^ ^1-31, 600-650 "C^ ^S^^^-^l^i 
^#1^ 75-80%^ Si-^>^^ ^^<y-"a*!r ^, 770-830 ^S^^^^^l^i <a^^ 

I^^^ 481 

^^%S. C : 0.0016-0.0025%, Si : 0.02% <^1§>, Mn : 0.2-1.2%, P : 
0.05-0.11%, S : 0.01% ^]^}, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% «^1§>, 
Ti : 0.003%<^1^>, Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C 
til: 0.3-0.7, ^-^ Fe ^ 7]^- ^7}3]^ ^^^S. ^l^^^lfe ^J"^ 1200°C*H1-^1 
^^ ^^5)- t^^^l^ ^, 900-950°C^ ^£^^<^l^i ^>-T-sl ^^<a-'^^>JL, 600-650 
^£i^^<^l^i 75-80%^ 'a-^V^S ^^-y-^tt ^, 770-830''C^ 
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I^^^ 491 

C : 0.0016-0.01%, Si : 0.1% Mn : 0.2-1.5%, P : 0.05- 

0.15%, S : 0.01% ^^l^K 7>-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% Nb : 

0.003-0.1%, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C : 0.3-0.7, Fe ^ 

7M ^7}^^ ^^^S. ol^<^^m ^J- 1200°Col-a-^lAi yl'^^jL Ars^S 

I^^^ 501 

C : 0.0016-0.01%, Si : 0.1% <=>]^-, Mn : 0.2-1.5%, P : 0.05- 
0.15%, S : 0.01% <^]^-, 7l-g-(Soluble) Al : 0.08-0.5%, N : 0.0025% Nb : 

0.003-0.1%, Ti: 0.003%<^1^>, Mo : 0.01-0.4%, B : 0.0005-0.005%, Nb/C : 0.3- 
0.7, Fe ^ 1:71-31^ 1200°C ^HT-<=^l^i 

I^^^ 511 

^^%S., C : 0.0016-0.0025%, Si : 0.02% <^1^K Mn : 0.2-1.2%, P : 
0.05-0.11%, S : 0.01% ^^l^V, 7l-^(Soluble) Al : 0.08-0.12%, N : 0.0025% ^l^K 
Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C : 0.3-0.7, ^ 
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Fe ^ 7lBf 1-71-51) t!: 1:^1-^ ^J"* 1200 °C ^1 ^Hl ^^S)- <^^^ 

^ ^, 900-950 ^^i^^^l^i ^>-^Bl 'S^^y-^^l-Jl, 600-650 ^S^^^^l^i 
^i^tb cf^, 75-80%^ •y-*>#S. ^^<y-<?l^ ^, 770-830 °C 5] ^£i^^c>|1a-] <a^4i 
^, ^-§-£^^ 1.2-1.5%^ 2:^<y-<a*>^ ^^^S. ^>fe 

I^^^ 521 

^^%S. C : 0.0016-0.0025%, Si : 0.02% <^]^}, Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% ^l^K 7l-^(Soluble) Al : 0.08-0.12%, N : 0.0025% ^1§>, Ti : 
0.003%ol§l-, Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Nb/C : 
0.3-0.7, ^-^ Fe m ^7}5J]^ #^#5- ^^l^-^^m 1200°C<='l4HlAi 5 

^51- ^, 900-950''C^ ^£^^<^l^i p>^el l^'y-'Ss^l-^l, 600-650°C^ 

^^wj^oilAl c]-^, 75-80%^ ^, 770-830 ^^"U 

o^o]]Aj <g^^-^ -g-g-H^^ cf^, 1.2-1.5%^ ^O-^l-^S 
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